Introduction
An important demographic characteristic of the Arctic is the presence of indigenous peoples, who constitute the majority of the population in some regions. The importance of indigenous people in circumpolar issues is recognised by the fact that the Arctic Council, the intergovernmental forum of the 8 Arctic States -Canada, Kingdom of Denmark, Finland, Iceland, Norway, Russian Federation, Sweden, and USA -includes also "permanent participants". Permanent participants are international organisations of indigenous peoples whose homelands cross national borders as well as the national organisation in Russia. These are the Aleut International Association [AIA], Arctic Athabaskan Council [AAC] , Gwich'in International Council [GIC] , Inuit Circumpolar Council [ICC] , Russian Association of Indigenous People of the North [RAIPON] , and Saami Council [1] .
Despite the importance of the indigenous population in the Arctic, an accurate estimate of its size and distribution remains elusive. In some countries, ethnic identity is not recorded by national statistical systems, while in others it is recorded but with varying degree of completeness and accuracy.
This paper attempts to assemble available statistics from diverse sources to estimate the size of the indigenous population in the 8 Arctic States and their northern regions. We present regional estimates of the total indigenous population as well as the population of specific indigenous groups across the Arctic. We do not present data on the health status of Arctic indigenous peoples, as these are extensively documented elsewhere [2, 3] .
We do not attempt to define "indigenous people" in this paper. While various definitions exist, including some from international organisations, there are vastly different national contexts, legislations and practices that defy a comprehensive, universal definition. The diverse perspectives and many challenges in identifying indigenous peoples globally were reviewed by Bartlett et al. [4] . As an operational definition, we include in this paper only those groups that are represented by one of the permanent participants of the Arctic Council. AIA is an organisation of Aleuts in the USA and Russia. AAC and GIC represent Athabaskan and Gwich'in communities in Alaska and northern Canada. While the Gwich'in language is a member of the Athabaskan (also spelt Athabascan, Athapaskan)
Methods, definitions and data sources
Where available, data on indigenous populations were obtained from various national statistical agencies. Additional sources included the published literature and relevant websites of indigenous peoples' organisations. For each of the Arctic States, we identified various administrative regions as constituting their "North", with the exception of Iceland, which was treated as both a sovereign nation-state and a northern region. Greenland and Faroe Islands, self-governing territories of the Kingdom of Denmark, were regarded as its northern regions. As indicated in Table 1 , indigenous people as defined in this paper were not present in either Iceland or the Faroe Islands.
USA and Alaska
The State of Alaska is the only Arctic region of the USA. The US Census Bureau publishes data on "American Indians and Alaska Natives" [AIAN] collectively, derived from the decennial census [5] and annual population estimates [6] . Data from the 2000 and 2010 Census were presented in this paper. The census also provided a more detailed breakdown of AIAN into Athabascan, Aleut, Eskimo [Iñupiat, Yupik], Tlingit-Haida and Tsimshian. Census respondents could report one ethnicity alone or in combination with another ethnic group. [7] . Note that in 2011, questions on ethnicity were included in the National Household Survey, which replaced the long-form questionnaire containing detailed sociodemographic variables used in previous censuses.
The census included questions on Aboriginal "identity" as well as "ancestry" or "origins". For Aboriginal people, the concordance of responses to these two questions was not high: one study showed that among those who identified themselves as Aboriginal, only 63% reported having an Aboriginal ancestor, while among those who claimed Aboriginal ancestry, only 57% identified themselves as Aboriginal [8] .
Denmark and Greenland
The indigenous population in Greenland Defining indigenous ethnicity based on place of birth is often misleading. Including information about the place of birth of parents improves the accuracy. However, the number of indigenous persons would vary depending on whether only persons with both parents or only one parent born in Greenland are included. Genetic studies of participants of health surveys in Greenland have found that on average 25% of the Kalaallit genome was of European origin [9] . Among participants who regarded themselves and who were also regarded by others as Kalaallit, 12% had 50% or more European ancestry [P. Bjerregaard, unpublished data] . Annual counts of the population of Greenland by place of birth are available from Statistics Greenland [10] . Data on the parentage of people born in Greenland living in Denmark are available from Statistics Denmark [11] . While Statistics Norway's Statbank has a section on "Sami Statistics" [12] , the data refer to the total population, Sami and non-Sami, living in "Sami settlement areas". These areas refer to certain northern municipalities identified by the Sami parliament under its business development fund [Sametingets tilskuddsordninger til naeringsutvikling or STN]. The proportion of Sami within the STN population is not known.
Nordic countries and their northern regions
Norway, Sweden and Finland each has a Sami parliament, which maintains voters' lists. While these can serve as sources of information, it is unclear how much they underestimate the Sami population. Furthermore, the total all-age population must be extrapolated from voters over 18 years of age.
Research studies on the health of Sami use different criteria to identify Sami for inclusion. However, they do not provide a regional or national estimate of the Sami population.
In Norway, the SAMINOR survey of health and living conditions, conducted in 2003-2004, sampled adults aged 30-79 living in selected municipalities where more than 5% of the population was identified as Sami [with at least one Sami grandparent] in the 1970 census [13] . The cohort was re-surveyed in 2012-14 as the SAMINOR 2 study [14] .
In Sweden, a Swedish Sami cohort covering the period 1960-2000 was created from a variety of sources: those who were registered to breed reindeers from Statistics Sweden's occupational register and the national register of reindeer enterprises, and those eligible to vote in the Swedish Sami parliament. From these "index-Sami" their ancestors, siblings and descendants were identified from the national kinship register. The 41,000+ cohort comprised up to 5 generations of Sami who were alive in 1941 or later [15] .
In Finland, a Sami cohort covering the period 1979-1998 included Sami in two northern municipalities [Utsjoki and Inari]. All residents were identified from the national population register and their Sami status was ascertained by cross-referencing an earlier genealogical study and also personal knowledge of the study's lead author familiar with the communities through years of medical practice [16] . This cohort was extended to 2005 and again to 2010 in subsequent years [17] .
Russia and its northern regions
The Russian Federation is composed of different types of administrative divisions called federal "subjects" (subyekty), including republic, kray, oblast, autonomous okrug, and federal city, with varying degrees of autonomy. Autonomous okrugs [hereafter AO], with the exception of Chukotka, are generally part of some higher-level units such as oblasts or krays, and usually represent the traditional territories of some indigenous ethnic groups. Demographic data are usually available for these AOs separately.
The various definitions of the Russian North have been discussed in detail by Kozlov et al. [18, 19] . Since 2007, the Taymyr, Evenk and Koryak AO ceased to exist as distinct federal subjects. Their population was published by the 2002 census but not by the 2010 census. For the purpose of this paper, we identified 11 regions as constituting the Russian North.
Information on ethnicity is available from the census, which was conducted in 2002 [20] A 1996 federal law defined "indigenous, numerically small people of the North, Siberia and Far East" [korennyye malochislennyye narody Severa, Sibiri i Dal'nego Vostoka, hereafter to be referred as KMNS] as people who live on their traditional ancestral territories, adhere to their original way of life, and believe themselves to be independent ethnic entities, with a population under 50,000 people [18] . Between 1926 and 1993 26 groups were officially recognised. The number of such groups rapidly increased after 1993. The 2010 census recognised 47 groups. Forty groups are listed on the RAIPON website [22] . Bogoyavlensky discussed the methodological problems of the census as they related to indigenous people [23] .
The 50,000 upper limit of population size excludes some groups that would otherwise qualify as indigenous, such as the Yakuts, Komi and Komi-Permyak. Over time, some indigenous groups were consolidated with others by the census, while new groups were also separated from other larger groups.
Results
We presented our results both by regions and by ethnic groups. Where possible, we presented population estimates from 2 time points or periods within the first 2 decades of the 21 st century. In most jurisdictions, the number quoted referred to people who self-identified with an indigenous group; in regions where information on both indigenous identity and ancestry was available, we chose identity. For the USA and Canada, we focused our discussion on single indigenous identity rather than multiple identities involving an indigenous and other ethnic groups. For the other regions, single and multiple identities cannot be distinguished. Table 2 presents the AIAN population in the USA nationally and in Alaska from the 2000 and 2010 censuses. Individuals with AIAN-only identity accounted for only a small proportion of the total all-race population in the USA [about 1%], whereas in Alaska it was about 15%. In Alaska, people who identified themselves as AIAN increased by 7% during the decade between the two censuses. In 2010, among individuals who declared only one ethnicity, AIAN in Alaska numbered 104,871. With 48,270 people, the Inuit were the largest indigenous group in the state, followed by Athabaskans [12, 318] and Aleuts [7, 696] . There were also other indigenous groups including the Tlingit-Haida and Tsimshian, accounting for 9,996 people. About 90% of Inuit, 80% of Athabaskans and 65% of Aleut in the USA resided in Alaska, their homeland.
USA and Alaska
In Alaska, the Inuit comprised two major linguistic and cultural subgroups, with 20,941 Iñupiat and 27,329 Yupik in 2010. Table 3 The languages spoken in First Nation communities in Yukon and NWT are members of the Athabaskan language family. In this paper, we counted all First Nation people in these two regions as Athabaskans, even though there were First Nation people originally from other parts of Canada living in Yukon and NWT. Thus, we were able to estimate the number of Athabaskans in the Canadian North but not in Canada nationally. There were few, if any, Athabaskans living in Nunavut, Nunavik and Nunatsiavut. We adjusted the official population data on the three categories of people based on new analyses of two surveys that investigated the issue of selfidentity among participants -a survey in 1997-98 among Greenlanders in Denmark [24] , and a survey in 2018 among residents in Greenland [Bjerregaard: unpublished data]. We counted as Kalaallit those individuals who regarded themselves and were also regarded by others as Kalaallit; we also included those individuals who regarded themselves as both Kalaallit and Danes.
Denmark and Greenland
Among participants in the 2018 survey who were born in Greenland and living in Greenland, we estimated that 98% were Kalaallit. We applied this proportion to the population of all residents. As shown in Table 4 , the number of Kalaallit born and living in Greenland was estimated to be 49,357 in 2010-14 and 49,154 in 2015-19.
Among survey participants who were born outside Greenland and living in Greenland, 38% were Kalaallit. When applied to the population of all residents, the number of Kalaallit was estimated to be 2,329 in 2010-14 and 2,187 in 2015-2019 [ Table 4 ]. For those who were born in Greenland but living in Denmark, the adjustment was more complicated. Statistics Denmark reports the number of residents in Denmark who were born in Greenland and also the birthplace of their parents, whether in Greenland, Denmark, abroad or unknown. The place of birth of both parents were unknown in about one-third of the people. These parents with unknown birthplace likely died before the introduction of the Central Population Register, among whom would likely be a substantial number of Kalaallit.
For those with unknown birthplace of the parents, we assumed that the proportions of persons with both or one parent born in Greenland were similar to the proportions for those whose parents' birthplace was known. Furthermore, re-analysis of an earlier survey [24] involving Greenlanders living in Denmark showed that 95% of those with both parents born in Greenland identified themselves as Kalaallit, while 73% of those with one only one parent born in Greenland identified themselves as Kalaallit. We applied these proportions to estimate the number of Kalaallit in Denmark.
The footnotes for Table 4 show the derivation formulae used in estimating the number of Kalaallit living in Greenland and in Denmark. Our estimates for those living in Denmark are comparable to those obtained by Togeby in 2000 [25] .
As shown in Table 4 the number of Kalaallit in 2010-14 was estimated to be 57,697, with about 51,686 living in Greenland. In 2015-19 there were 58,381 Kalaallit, of whom 51,341 were living in Greenland.
Nordic countries and their northern regions
In the Nordic countries, Sami organisations provide some estimates but without firm evidence. For example, the Sweden-based Samiskt informationscentrum suggested that there are about 40,000 to 50,000 Sami in Norway; 20,000 to 35,000 in Sweden; and 5,000 to 6,500 in Finland [26] .
One source of information is the number of registered voters of the various Sami parliaments [Sámediggi in Northern Sami, Sametinget in Norwegian and Swedish, and Saamelaiskäräjät in Finnish].
According to Statistics Norway, the number of eligible voters for the Norwegian Sámediggi increased from 12,538 in 2005 to 16,958 in 2017. The election is held once every 4 years. In the 2005 election, the number for the three northern counties of Nordland, Troms and Finnmark combined was of 83% of the national total. This proportion declined in subsequent elections to 76% in 2017 [27] . [29] .
The Norwegian and Swedish Sámediggi figures refer to adults aged 18+. If we assume that Sami have the same age structure as non-Sami, with about 80% of the population over the age of 18, then the number of Sami of all ages would be about 21,000 in Norway and 11,000 in Sweden in 2017. This is only about half of the low end of the estimates of Sami cited by the Samiskt informationscentrum. Clearly, voters lists do not provide an accurate estimate of the Sami population in these two countries.
In Norway, SAMINOR researchers in 2003-04 established a list of 28,000 Sami, aged 30-79 living in the three northern counties as well as several municipalities further south, to be invited to participate in the survey [13] . Assuming the Sami have the same age structure as other Norwegians in the North, the age group 30-79 represented about 60% of the total population. The total number of Sami of all ages living in the SAMINOR study area would be about 47,000.
For Sweden, we can use the Sami cohort established by Hassler and colleagues [15] . In a publication in 2008, they generated from the cohort a national estimate of 36,000 Sami alive at that time, 18,000 of whom lived in Norrbotten and 6,000 in Västerbotten, a total of 24,000 in the Swedish North [30] . Table 5 shows the population of the 47 officially designated KMNS groups residing in the Russian Federation and its northern regions. Some groups have very small populations, while there were 6 groups with more than 10,000 people each. The 40 groups recognised by RAIPON are listed individually in Table 5 . Note that the primary residence of some groups are in Siberia and the Far East and not in the North. Table 6 presents the regional distribution of the 15 largest groups living in the North. KMNS accounted for a substantial proportion of the AOs, as high as 40% in Koryak AO.
Russia and its northern regions
Only about 7% of the Russian population of all ethnicities resided in the North. KMNS people collectively were a very small minority within the Russian Federation [0.2%]; even in the North, they accounted for only about 2% of the total population. Almost 60% of the KMNS people, however, resided in the North.
If we include the Komi, Komi-Permyak and Yakut, three numerically large [i.e. >50,000] indigenous groups, the share of indigenous people in the Russian Federation increased slightly to 0.8% nationally and 9% in the North.
Circumpolar Inuit
The number of Inuit in the USA was about 46,000 in 2000 and 54,000 in 2010. About 90% of them lived in Alaska -41,500 in 2000 and 48,300 in 2010 [ Table 2 ].
The number of Canadians who identified themselves as Inuit increased from about 45,100 in 2001 to 59,400 in 2011. Within the three northern territories, the number increased from 26,600 in 2001 to 31,600 in 2011 [ Table 3 ]. In the 2011 National Household Survey, there were also 2,325 self-identified Inuit in Nunatsiavut and 10,755 in Nunavik. These numbers were added to the Inuit population of the three northern territories to yield a total of 44,700 for the Canadian North in Table 7 .
We estimated that the number of Kalaallit/Inuit living in Greenland to be about 51,700 and 51,300 . The proportion of Kalaallit living in Denmark increased by 17% between the two periods [ Table 4 ].
There were fewer than 1,800 Inuit in Russia, about 1,600 in the North, with the majority [about 1, 530] living in the Chukotka AO [ Tables 5 and 6 ].
Circumpolar Aleuts
In the USA nationally, Aleuts numbered about 11,900 in 2000, but did not change much in 2010. About 65% of all Aleuts in the USA [7, 700] Table 7 ].
Circumpolar Athabaskans
There were 12,300 Athabaskans in Alaska in 2010 [ Table 2 ]. Across the border, they were joined by 20,100 [in 2011] members of Canadian First Nations, assumed to be predominantly Athabaskans living in Yukon and NWT [ Table 3 ]. The combined Athabaskan population in Alaska, Yukon and NWT in 2011 was about 32,400 [ Table 7 ].
About 80% of Athabaskans in the USA live in Alaska. A national estimate of Athabaskans in Canada is not available. They are widely spread across the Canadian subarctic in 2 territories and 4 provinces.
Circumpolar Sami
With the exception of Russia, there is no firm estimate of the Sami population in the Arctic.
There were 1,991 Sami in Russia in 2002 and 1,771 in 2010. The corresponding number in the North was 1,793 and 1,616 [ Table 5 ], showing a decline both nationally and regionally. Almost 90% of all Sami in Russia resided in the Murmansk Oblast. Data for Arkhangelsk Oblast include also those for Nenets AO; data for Krasnoyarsk Kray also include those for Taymyr AO and Evenki AO.
We entered the estimate extrapolated from the SAMINOR study in Table 7 
Circumpolar indigenous peoples
By our methods, we estimated a total of 1.13 million indigenous people in the northern regions of the Arctic States [ Table 7 ].
Discussion
As any population health researcher recognises, knowing the size, composition, and distribution of the population is central to any investigation into health issues affecting that population. The characteristics of the target population are essential pieces of information for policymakers, managers and practitioners who design, plan, implement and evaluate policies, programmes and services. Yet, such information is largely incomplete for the indigenous population in the Arctic, whose importance is acknowledged by the special status their organisations have as "permanent participants" in the Arctic Council. This knowledge gap is particularly glaring since there is widespread recognition of the health inequality that exists between indigenous and non-indigenous populations in many, though not all, circumpolar regions.
Our attempt at enumerating the size of the different indigenous groups in the Arctic clearly demonstrates the complexity and difficulty of the task. Even when ethnicity is captured by the census, there are issues that compromise the validity of the information. Questions on ethnic origin or identity may change over time, such that two censuses may not be completely comparable. Individuals may change how they report their ethnic identity over time, a phenomenon observed in the national censuses of Canada, Russia and USA, unrelated to natural increase and migration. This is particularly the case with the surge in ethnic pride in some groups at various times. Although an individual's reporting of indigenous identity in the census does not confer eligibility for government benefits or enrol them as beneficiaries of land claims settlements, respondents could be motivated by the possibility that a larger population count may confer collective benefits for their ethnic group. While we commented on change over time, where there were at least 2 time points or periods, we refrained from assessing the significance of any change.
The increasing proportion of mixed heritage in the indigenous population supports our preference for identity over ancestry. However, even when identity is used, an individual may choose to report more than one identity, if such a response is allowed by the census. Our task was further complicated by the fact that multiple identities are not treated consistently across jurisdictions.
Even when the size of the population "denominator" is known, the next hurdle is to identify the ethnicity of the "numerator" [cases, patients, events, etc.]. Here the problem is aggravated by the fact that even in countries/regions where the census enquires about ethnic identity, as in Canada and Russia, their healthcare registries, databases, and surveillance systems do not generally record ethnic identity. Enterprising researchers are able to design studies with built-in inclusion criteria to identify indigenous people for both the numerator and denominator. However, the lack of ethnospecific surveillance systems is a major obstacle to monitoring the changing patterns of the health of indigenous people in the Arctic.
How each country records and reports the ethnic backgrounds of its population is a matter of national policy. The political dimensions of ethnicity and health are complex and highly contentious, a discussion of which is beyond the scope of this primarily methodological paper. On the one hand, there is the argument that "if you don't count, you don't know". However, there are indigenous organisations in some regions that are hesitant for indigenous people to be identified in statistics, over concern with stigmatisation by the high prevalence of poor health outcomes. Some countries are also reluctant to institute ethnic identification in the belief that all citizens are equal and entitled to the same services and benefits. It is the desire of the authors of this paper, both long-time circumpolar health researchers, to spur discussion on this important issue that could affect strategies to improve the health of circumpolar peoples.
